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APPARATUS FOR REMOVING A 
COMPONENT FROM SOLUTION 

TECHNICAL FIELD 

The invention concerns apparatus and methods for remov 
ing unwanted or valuable components from solutions. More 
particularly, the invention relates to removal of silver from 
spent solutions used to process or develop photographic 
?lm. 

BACKGROUND ART 

Processing or developing photographic ?lm and paper 
products and other imaging products requires the use of a 
variety of known types of processing solutions. During use, 
the processing solutions gradually lose their effectiveness 
and must be replaced with fresh solutions. Photographic 
processors and ?lm manufacturers for many years have been 
concerned with how to properly dispose of the spent or 
waste solutions. The spent solutions may contain precious 
metals such as silver which often have been recovered as an 
economic measure. Also, government regulations on dis 
charge to the environment of solutions containing such 
metals typically have required that virtually all of the metals 
be removed before the remaining liquid may be discharged 
to the sewer. Certain ingredients in such spent solutions have 
been reacted with precipitating and ?occulating agents to 
form solid precipitates containing the metal or other ingre 
dient to be removed. The precipitates have been ?ltered from 
the solution and the remaining liquid has been discharged. 
Some ?lm processors have separated the precipitates by 
centrifuging. Others have separated the precipitates by 
simple settling and decanting. Various techniques of these 
sons are described in commonly assigned US. Pat. No. 
3,832,453 and by Thomas W. Bober and Austin C. Cooley 
in “The Filter Press for Filtration of Insoluble Photographic 
Processing Wastes,” Photographic Science and Engineer 
ing, Vol. 16, No. 2, March-April 1972. 
More recently, recovery of silver from spent solutions has 

been made simpler due to introduction of metal salts, most 
commonly the trisodium salt of trimercapto-S-triazine or 
TMT, as the metal precipitating agent. Other cationic salts of 
TMT also can be used as precipitating agents, such as the 
potassium, ammonium or lithium salt. TMT can be used for 
primary or secondary recovery of silver; however, many ?lm 
processors have reported that TMT is very useful and most 
economical for secondary treatment of spent solutions which 
have previously had most of the silver removed by metal 
exchange or electrolysis, for example. In one known 
method, the spent solution and TMT were mechanically 
mixed for as long as an hour in a large settling vessel, 
typically a round-bottomed or cone-bottomed vessel. The 
resultant mixture was left to settle overnight or for as long 
as twenty hours. Then, much of the liquid above the settled 
solids was decanted and the settled solids were passed out of 
the bottom of the vessel into a bag ?lter. Some work has 
been reported in the literature in which a polymeric ?occu 
lant has been added to the mixture prior to settling. Methods 
of the latter type were described by Nathan Spears and 
Robert Sentell in a paper entitled “Silver Recovery from 
Photographic Waste Processing Solutions by Using the 
Trisodium Salt of 2,4,6-Trimercapto~S~Triazine,” presented 
at the Seventh International Symposium on Photo?nishing 
Technology in San Francisco, Calif. 3 to 5 Feb. 1992. 
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2 
Those skilled in the photographic processing technologies 

will understand that various other types of components have 
been removed from spent processing solutions by precipi 
tation, such as Prussian blue (iron ferrocyanide), calcium 
sulfate, various coupling agents, chromium hydroxide from 
bleach and systems cleaners, aluminum salts and many 
others. Some of these precipitated materials tend to form 
rather gelatinous solids that will quickly clog or blind most 
?lters. Others produce a very large amount of suspended ?ne 
particles that tend to remain suspended in the liquid even 
after rather long settling times. 
While such known methods for removing components 

from waste photoprocessing solutions have proven rela‘ 
tively effective at recovery of precipitated solids, a number 
of problems have remained. Considerable care has been 
required when decanting the last portions of the liquid in the 
zone closest to the settled solids in the bottom of the settling 
vessel, since the solids tend to stir up and carry out with the 
liquid, potentially requiring a further ?ltering operation or 
return of the liquid and ?nes from that zone to the vessel for 
processing with the next batch of spent solutions. 

Another problem may exist when solids already settled on 
the bottom of the settling vessel are disturbed when a valve 
is opened at the bottom of the vessel to dump the moist 
solids for further processing. If no liquid remains in the 
vessel when the valve is opened, difficulty may be encoun 
tered with getting the settled solids to ?ow completely out of 
the vessel without subsequent scraping or other manual 
handling. So, enough liquid often has been left in the vessel 
to permit the solids to be discharged as a slurry for easy 
conveyance. 

Similarly, there may occur times when it is desired to 
remove solids from the settling vessel while a considerable 
volume of liquid remains above the settled solids. In such 
situations, when the solids are disturbed by opening the 
bottom valve, some solids, particularly ?nes, are stirred up 
and resuspended in the liquid layer for a considerable period 
of time until the entire contents of the vessel are quiescent 
for a long enough period to allow the ?nes to settle again. 
But, if the liquid must be decanted before the ?nes have 
resettled, the ?nes are carried out and a further ?ltering may 
be needed to achieve the desired level of purity of the 
discharged liquid. 

SUMMARY OF THE INVENTION 

The primary objective of the invention is to provide 
simple, compact and inexpensive apparatus and methods for 
removing a component from a solution, such as spent 
photo-processing solution, by treating the solution to form 
settleable solids, passing the solids into a collecting vessel 
and allowing the remaining liquid to ?ow from the collect 
ing vessel. 
A further objective of the invention is to provide such 

apparatus and methods in which the collecting vessel is 
readily removable and suitable for use as a shipping con 
tainer to transport the solids to another location for further 
processing, such as to a precious metals re?ner. 

Another objective of the invention is to provide such 
apparatus and methods in which waste solutions from a ?lm 
processing machine can be taken directly from the machine 
and treated in a reliable, repeatable manner while maintain 
ing clean surroundings, essentially without requiring fre 
quent intervention by the operator of the machine. 

Still another objective of the invention is to provide such 
apparatus and methods in which removal of the collecting 
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vessel causes minimal disturbance to the operation of the 
rest of the apparatus or method. 

Yet another objective of the invention is to accomplish 
separation of solids and liquids in a controlled manner in the 
shortest possible time for greatest e?iciency while minimiz 
ing any stirring up and resuspending of already settled solids 
and thus minimizing any need for additional settling time. 
A still further objective of the invention is to accomplish 

separation of solids and liquids in a reproducible manner and 
to such a degree that the clari?ed liquid will meet regulatory 
requirements for discharge or will be suitable for reuse or 
reclamation. 

Another objective of the invention is to accomplish such 
separation while decreasing the ?ow velocity of the solids 
and liquids as they move through the apparatus thus enhanc 
ing the tendency of the solids to agglomerate into clumps 
which will settle read ?y. 

These objectives are given only by way of illustrative 
examples; thus other deskable objectives and advantages 
inherently achieved by the disclosed invention may occur or 
become apparent to those skilled in the an. Nonetheless, the 
scope of the invention is to be limited only by the appended 
claims. 
The invention is de?ned by the appended claims. In one 

embodiment, the apparatus is particularly suited for con 
tinuously or intermittently removing a component from 
solution. Means are included for providing a solution con 
taining a component to be removed. Conduit means de?ne 
a mixing path having an inlet end and an outlet end, for 
receiving and passing the solution. The mixing path may be 
a closed conduit such as a length of tubing through which the 
solution is pumped; however, an open ?ow channel also may 
be used in accordance with the invention. First means, such 
as gravity feed or a peristaltic or bellows pump, is provided 
for delivering the solution into the inlet end of the mixing 
path. Second means, such as gravity feed or a suitable pump, 
is provided downstream of the ?rst means for delivering into 
the conduit means a precipitating agent for the component. 
The spent solution and precipitating agent also may be 
delivered to the conduit means in the reverse order or 
essentially simultaneously, provided the proper ratios are 
maintained. In some embodiments of the invention, the 
spent solution and precipitating agent may be mixed in a 
separate vessel and the mixture delivered into the conduit 
means. Third means, again such as gravity feed or a suitable 
pump, is provided downstream of the second means for 
delivering into the conduit means a ?occulating agent for the 
precipitate. The second and third means are separated by a 
?rst distance chosen to provide a ?rst residence time suf? 
cient for mixing of the solution and the precipitating agent 
and for forming a precipitate well suited for ?occulation. 
That is, the residence time between the second and third 
means is long enough to enable the crystals of precipitate to 
grow or ripen to a point at which addition of a ?occulating 
agent will cause formation of ?occulated particles which 
tend to agglomerate readily into clumps. In some applica 
tions, however, the residence time for precipitation may be 
very short. The outlet end of the conduit means is located 
downstream of the third means, at a second distance chosen 
to provide a second residence time su?icient for forming 
larger, more ripened clumps of ?occulated particles of the 
precipitate. A collecting vessel having an inlet, releasably 
connected to the outlet end of the conduit means, is provided 
for receiving the ?occulated solids and any remaining liquid 
and for permitting the ?occulated solids to settle to a bottom 
of the vessel and the remaining liquid to move toward an 
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4 
outlet of the vessel. As a result, the settled ?occulated solids 
gradually will substantially ?ll the vessel while at least a 
substantial pan of the remaining liquid gradually will pass 
from the vessel, thereby permitting a ?lled collecting vessel 
to be disconnected from the outlet end of the conduit means. 
The ?ow area of the collecting vessel preferably is substan 
tially larger than that of the conduit means, thereby causing 
the solution velocity to decrease and the solids to settle more 
readily in the collecting vessel. The collecting vessel may be 
used as a shipping container for the settled solids. 

One embodiment of the method of the invention is suited 
for continuously or intermittently removing a component 
from solution. A solution containing a component to be 
removed is provided, either from a holding vessel or directly 
from a photo-processing machine. A mixing path such as an 
elongated tube is de?ned having an inlet end and an outlet 
end for receiving and passing the solution and the solution 
is delivered into the inlet end. Downstream of the point of 
delivery of the solution, a precipitating agent for the com 
ponent is delivered into the mixing path. The spent solution 
and precipitating agent also may be mixed in a separate 
vessel before delivery into the elongated tube. Downstream 
of the point of delivery of the precipitating agent at a ?rst 
distance chosen to provide a ?rst residence time su?icient 
for mixing of the solution and the precipitating agent and for 
forming a precipitate well suited to ?occulation, a ?occu 
lating agent for the precipitate is delivered into the mixing 
path. The outlet end of the mixing path preferably is 
downstream of the point of delivery of the ?occulating agent 
at a second distance chosen to provide a second residence 
time su?icient for forming larger, more ripened clumps of 
?occulated particles of precipitate. The ?occulated solids 
and any remaining liquid are collected in a ?rst vessel 
having an inlet, releasably connected to the outlet end of the 
mixing path, for receiving the ?occulated solids and any 
remaining liquid. The ?occulated solids are permitted to 
settle to a bottom of the ?rst vessel and the remaining liquid 
to move toward an outlet of the ?rst vessel. The settled 
?occulated solids gradually will substantially ?ll the ?rst 
vessel while at least a substantial part of the remaining liquid 
gradually will pass through the outlet from the ?rst vessel, 
thereby permitting a ?lled ?rst vessel to be disconnected 
from the outlet end of the mixing path. When the ?rst vessel 
has ?lled, it is removed from communication with the outlet 
end; and a second, empty vessel is connected to the outlet of 
the mixing path. 

In the previously described apparatus and method of the 
invention, the conduit means may increase in ?ow area from 
the inlet end to the outlet end to thereby decrease the ?ow 
velocity of the ?occulated solids and enhance their tendency 
to agglomerate and separate from the liquid. An intermediate 
settling vessel may be provided for receiving the ?occulated 
solids and any remaining liquid from the conduit means, the 
settling vessel having a sloped bottom wall and a bottom 
outlet for liquid and ?occulated solids, the collecting vessel 
being releasably connected to the bottom outlet of the 
settling vessel. The settling vessel may comprise an internal 
ba?le extended across the vessel, the conduit means extend 
ing into the settling vessel on one side of the baffle; and an 
outlet for clari?ed liquid on an opposite side of the baffle 
near an upper end of the settling vessel. In some applications 
where ?ne particles of precipitate do not settle from the 
settling vessel into the collecting vessel, a further collecting 
vessel may be connected to this outlet for clari?ed liquid, to 
remove such ?nes. The conduit means may include static 
mixing elements between the second and third means for 
delivering. Optionally, static mixing elements may be 
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included downstream of the third means for delivering. The 
conduit means may be curved into a flat coil, a helix, a spiral, 
a ?attened helix or spiral, undulating pattern or other regular 
or irregular patterns. 
A further embodiment of the apparatus of the invention 

includes means for providing a solution containing a com 
ponent to be removed; a mixing vessel; and ?rst means for 
delivering the solution into the mixing vessel. Second means 
are provided for delivering a precipitating agent for the 
component into the mixing vessel. Third means are provided 
for delivering a ?occulating agent for the precipitate into the 
mixing vessel, whereby ?occulated solids are formed by the 
precipitate and the ?occulating agent. A settling vessel is 
included for receiving ?occulated solids and any remaining 
liquid from the mixing vessel, the settling vessel preferably 
having a sloped bottom wall and a bottom outlet for liquid 
and ?occulated solids. An internal baf?e is extended across 
the settling vessel from an upper end of the settling vessel 
downward to near the sloped bottom wall, thereby de?ning 
an inlet passage on one side of the baffle within the settling 
vessel, the inlet passage having a length sufficient to provide 
adequate residence time for formation or ripening of clumps 
of the ?occulated solids. The inlet passage also may be 
de?ned by a downwardly extending conduit or nest of 
conduits within the settling vessel, rather than by a ba?'le. An 
outlet for clari?ed liquid is provided on an opposite side of 
the ba?‘le near an upper end of the settling vessel. Fourth 
means are provided for delivering ?occulated solids and 
liquid from the mixing vessel into the inlet passage. A 
collecting vessel having an inlet, releasably connected to the 
bottom outlet of the settling vessel, preferably is provided 
for continuously or intermittently receiving the ?occulated 
solids and any remaining liquid, for permitting the ?occu 
lated solids to settle to a bottom of the collecting vessel and 
the remaining liquid to move toward an outlet of the 
collecting vessel, whereby the settled ?occulated solids 
gradually will ?ll substantially the collecting vessel while at 
least a substantial pan of the remaining liquid gradually will 
pass from the collecting vessel, thereby permitting a ?lled 
collecting vessel to be disconnected from the bottom outlet 
of the settling vessel. ' 

A further embodiment of the method of the invention may 
include the steps of providing a solution containing a 
component to be removed; providing a mixing vessel; 
delivering the solution into the mixing vessel; delivering a 
precipitating agent for the component into the mixing vessel; 
delivering a ?occulating agent for the precipitate into the 
mixing vessel, whereby ?occulated solids are formed by the 
precipitate and the ?occulating agent; providing a settling 
vessel for receiving ?occulated solids and any remaining 
liquid from the mixing vessel, the settling vessel preferably 
having a sloped bottom wall and a bottom outlet for liquid 
and ?occulated solids; providing an internal baf?e extended 
across the settling vessel from an upper end of the settling 
vessel downward to near the sloped bottom wall, thereby 
de?ning an inlet passage on one side of the baf?e within the 
settling vessel, the inlet passage having a length su?icient to 
provide adequate residence time for formation or ripening of 
clumps of the ?occulated solids; providing an outlet for 
clari?ed liquid on an opposite side of the ba?le near an upper 
end of the settling vessel; delivering ?occulated solids and 
liquid from the mixing vessel into the inlet passage; deliv 
ering ?occulated solids and liquid from the settling vessel 
into a ?rst collecting vessel having an inlet, releasably 
connected to the bottom outlet of the settling vessel, for 
receiving the ?occulated solids and any remaining liquid; 
permitting the ?occulated solids to settle to a bottom of the 
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lated solids gradually will ?ll substantially the collecting 
vessel while at least a substantial pan of the remaining liquid 
gradually will pass from the collecting vessel, thereby 
permitting a ?lled collecting vessel to be disconnected from 
the bottom outlet of the settling vessel; removing the ?rst 
collecting vessel when it is ?lled; and connecting a second, 
empty collecting vessel to the outlet of the mixing path. 

In any of the previously described apparatus and methods 
of the invention, the outlet of the collecting vessel may be 
above the bottom of the vessel; and the ?occulated solids 
and any remaining liquid may ?ow into the collecting vessel 
near the bottom of the vessel, whereby any remaining liquid 
?ows upward through previously settled solids, thereby 
removing ?nes before the liquid reaches the outlet of the 
vessel. By “near the bottom of the vessel” is meant that 
?occulated solids and liquid are ?owed into the collecting 
vessel close enough to the bottom to avoid undue breaking 
up of the clumps entering or already resting in the vessel or 
excessive stirring up of ?nes. The clearance to the bottom of 
the vessel may be adjusted depending on the spent solution 
being treated. The collecting vessel may comprise a ?lter for 
removing ?nes from liquid ?owing through the outlet of the 
collecting vessel. The ?lter may be a porous bag suspended 
within the collecting vessel, the ?occulated solids being 
captured within the bag. When a ?lter bag is used, the 
primary mode of separation is settling within the bag; the 
secondary mode of separation is ?ltration through the bag; 
and the tertiary mode is wicking of liquid by the bag. When 
the outlet from the collecting vessel is located above the 
bottom of the vessel, the ?lter may comprise an annular ring 
of ?lter material supported at the level of the outlet; and the 
inlet of the collecting vessel may open inside the annular 
ring, whereby ?occulated solids settle to the bottom of the 
collecting vessel and remaining liquid eventually rises to 
?ow through the annular ring to the outlet. 

Also in any of the previously described apparatus and 
method of the invention, the ?occulated solids and any 
remaining liquid ?ow into the collecting vessel near the 
bottom of the collecting vessel, whereby any remaining 
liquid must ?ow upward through previously settled solids, 
thereby removing ?nes from the liquid; a ?lter element is 
positioned within the collecting vessel, the ?lter element 
dividing the interior of collecting vessel into a ?rst chamber 
for receiving ?occulated solids and liquid and a second 
chamber for receiving liquid passed through the ?lter ele 
ment; and the outlet of the collecting vessel is connected to 
the second chamber. Preferably, the ?rst chamber is sub 
stantially larger in volume than the second chamber. The 
?lter element may extend upward from the bottom of the 
collecting vessel and may be tubular; and the second cham 
ber may be surrounded by the ?lter element. The ?lter 
element may be tubular and the ?rst chamber may be de?ned 
within the ?lter element. The ?lter element may be tubular 
and the second chamber may be de?ned within the ?lter 
element. 

In accordance with a further aspect of the invention, an 
apparatus for collecting and separating ?occulated solids 
and liquid may include a collecting vessel having an interior 
and a bottom; an inlet for ?occulated solids and liquid to 
?ow into the collecting vessel near the bottom, whereby the 
liquid must ?ow upward through previously settled solids, 
thereby helping to remove ?nes from the liquid; a ?lter 
element positioned within the collecting vessel, the ?lter 
element dividing the interior into a ?rst chamber for receiv 
ing ?occulated solids and liquid from the inlet and a second 
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chamber for receiving liquid passed through the ?lter ele 
ment; and an outlet for the liquid to ?ow from the second 
chamber. 

In accordance with yet a further aspect of the invention, 
a method for collecting and separating ?occulated solids and 
liquid may include the steps of providing a collecting vessel 
having an interior and a bottom; ?owing ?occulated solids 
and liquid into the collecting vessel near the bottom, 
whereby the liquid must ?ow upward through previously 
settled solids, thereby removing ?nes from the liquid; posi 
tioning a ?lter element within the collecting vessel, the ?lter 
element dividing the interior into a ?rst chamber for receiv 
ing the ?ow of ?occulated solids and liquid and a second 
chamber for receiving liquid passed through the ?lter ele 
ment; and ?owing the ?ltered liquid from the second charn~ 
ber. 

In the further aspects of both the apparatus and method of 
the invention, the ?lter element may extend upward from the 
bottom and may be tubular; and the second chamber may be 
surrounded by the ?lter element. The ?lter element may be 
tubular and the ?rst chamber may be de?ned within the ?lter 
element. The ?lter element may be tubular and the second 
chamber may be de?ned within the ?lter element. 
The apparatus and methods of our invention provide 

numerous signi?cant advantages over the prior art. The 
apparatus is very versatile and works with a great variety of 
solutions to be treated and ingredients to be removed or 
recovered. It is clean, not messy, and eliminates direct 
handling of chemical precipitates, chemically coated ?lters 
and reaction chemicals. Automatic metering is used so that 
manual measuring of individual reactants for various batch 
sizes is not required. The apparatus is inexpensive to make 
and has a compact size requiring minimal floor space 
(“footprint”) compared to prior art equipment. No large 
solution storage tanks are required since a continuous or 
intermittent method is used rather than batch. No large 
settling or precipitation tanks are needed, which in conven 
tional systems may require from several hours to several 
weeks to accomplish satisfactory settling, depending on 
composition. The reaction conduit and collection vessels do 
not need to be open to atmosphere. Therefore, with our 
invention there is a minimum of odors and contamination of 
solutions, worker exposure to vapors, corrosion of nearby 
equipment and facilities or need for large ventilating sys 
tems. Any toxic or dangerous gases such as ammonia which 
might be encountered are typically retained within the 
system. The collection vessel is inexpensive and also acts as 
the shipping vessel for precipitated solids. The method 
greatly extends the life of the ?lter used since settling is the 
primary mode of solids separation and ?ltration is only a 
secondary mode, even though done in the same vessel. 
Therefore a much greater quantity of solution may be passed 
through this system compared to conventional ?ltration. The 
apparatus is simple, having very few moving parts and easily 
replaceable components and therefore requires minimal 
maintenance and downtime. The method and apparatus 
provide real-time treatment of solution by simultaneous 
treatment steps at various zones in the system; therefore, 
each increment of solution receives essentially the same 
treatment regardless of when it enters the system. The 
method is highly reproducible for a given composition of 
solution. Use of the method may simplify compliance with 
certain hazardous chemical storage regulations by minimiz 
ing the amount and duration of storage of such hazardous 
materials. 

Other advantages are provided by our invention. The 
apparatus is easy to use by operators unskilled in chemical 
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8 
technology. The apparatus is portable, easily transportable 
between sites by one person, and not dependent on ?xed 
supporting utilities except for an electric source. It can be 
taken to the photographic or other process as needed and 
returned to storage when not needed. The apparatus provides 
totally automatic operation, is able to operate unattended at 
all hours including overnight, and starts and stops automati~ 
cally as necessary. The apparatus and method provide 
extremely safe operation due to relative lack of chemical 
spills and splashes since all reactants and products are 
contained. Only small quantities are being processed at a 
given time which precludes disastrous spills. All compo 
nents are commercially available and readily purchased off 
the shelf without long lead times. The invention provides an 
inexpensive method, including materials and labor, of sepa 
rating and transporting solids compared to existing tech 
niques. The apparatus minimizes the potential to generate 
?ne solid particles which normally tend to confound con 
ventional settling and ?ltration methods. The invention 
features a built-in dewatering step which promotes compac~ 
tion of the ?occulated solids and concentration of the 
recovered silver to eliminate unwanted water, which thereby 
decreases shipping and recovery or treatment costs. The 
collecting/shipping vessel is totally combustible, making 
re?ning of recovered metals less complicated and therefore 
less costly. The apparatus permits better estimates of the 
recovered silver in the shipping container by the equipment 
user, due to transparency of the vessel, consistency of 
collected product, and improved ability to estimate value of 
contents from weight, thereby ensuring that user will get a 
fair price from the re?ner. The apparatus and method effec 
tively operate over all typical ef?uent ranges of silver 
typically encountered in photographic processing wastes, 
from milligrams per liter to tens of grams per liter, using a 
single apparatus. This is compared to other conventional 
recovery systems which may require two or more systems in 
tandem, one for primary recovery to recover economically 
higher levels and the second for secondary recovery to 
reduce residuals to environmentally acceptable low levels. 
The invention permits ?occulated solids, once collected, to 
remain undisturbed after collection, thereby eliminating 
separate secondary recovery operations. The apparatus can 
be operated by gravity ?ow if desired thereby saving costs 
of pumps and electricity. Therefore, the apparatus could 
readily be adapted for use in remote locations that do not 
have electricity. 

Still other advantages are provided by our invention. The 
ready releasability and changeover of collecting vessels 
minimizes downtime and complexity of operation. The 
invention permits easy handling of reagents and collection 
vessels because of the relatively small sizes involved and the 
sealed nature of the collection vessels. The apparatus typi 
cally produces higher density ?occulated solids in a given 
time than in conventional clari?ers because of the solids 
agglomeration or compaction mechanism inherent to the 
method. The reaction conduit is easily visually observable in 
operation to immediately discern and correct any operational 
problems. Since many applications of the invention will be 
in a retail environment, the apparatus can be enclosed easily 
in a simple and clean-appearing housing, which does not 
suggest an industrial treatment process. The simplicity and 
small number of components of the apparatus permit 
arrangement of the components in a wide variety of external 
geometries for different user circumstances. Batches of 
photographic processing or other solutions containing a 
variety of concentrations of silver or other ingredients are 
homogenized to a considerable degree and their concentra 




























